Introduction {#sec1-1}
============

Retinoblastoma (RB) is the most common primary intraocular malignancy in childhood and infancy. The incidence is about 1 in 15,000--20,000 live births.\[[@ref1][@ref2]\]

Systemic chemotherapy alone failed to cure patients with intra ocular Retinoblastoma,\[[@ref3]\] while combination therapy (chemotherapy combined with focal therapy) has become the treatment of choice for intraocular RB since the 1990s\[[@ref3][@ref4]\] and achieved high globe salvage rates (100% for International Classification of RB \[ICRB\] Group A, 93% for Group B, 90% for Group C, and 47% for Group D eyes).\[[@ref5]\]

Overexpression of the multidrug-resistant P-glycoprotein has been observed in 30% of untreated RB, and this may account for the poor response of some RB cases to systemic chemotherapy.\[[@ref6][@ref7][@ref8]\] Therefore, we expect tumors that had received chemotherapy alone then progressed, to be resistant to chemotherapy. Therefore, systemic treatment of RB should be combined with focal therapy to eradicate the resistant cells from the beginning to avoid recurrence of the more aggressive resistant cells.\[[@ref4]\] This needs a multidisciplinary approach, which is not available in every center in the world, and that leads patients to seek care at other centers or even travel abroad to receive the required treatment. The resulting delay causes more growth of the tumor and possibly a less favorable outcome. On the other hand, systemic chemotherapy is widely available in most medical centers in the world; therefore, in this study, we are evaluating the outcome of initiating chemotherapy alone (when consolidation therapy is not available) before referral to a tertiary center where adequate therapy (including focal therapy) can be applied.

Methods {#sec1-2}
=======

This study was approved by the Institutional Review Board. It was a retrospective case series of 30 eyes from 26 consecutive patients who were clinically diagnosed with intraocular RB and had initially received inadequate therapy, i.e., chemotherapy alone, before referral to our center. Selection required access to patients\' medical records and Ret-Cam images.

Data included patient\'s age and gender, tumor laterality, age at diagnosis, initial ICRB group,\[[@ref5]\] type of seeds (subretinal or vitreal), type of systemic and/or local chemotherapy, type of focal therapy (laser or cryotherapy), radiation therapy, complications, eye salvage, metastasis, second malignancy, and mortality.

Inclusion and exclusion criteria {#sec2-1}
--------------------------------

The eligibility criteria for inclusion were being a patient with intraocular RB (clinically diagnosed by the presence of one or more retinal tumors detected on funduscopic examination using indirect ophthalmoscopy and scleral depression) and having had been initially treated with systemic chemotherapy as a single modality of treatment (without focal or radiation therapy). Exclusion criteria included extraocular disease, having had received focal therapy, local chemotherapy, or radiation therapy. Eyes followed for \<6 months were also excluded from the study.

Clinical characteristics and definitions {#sec2-2}
----------------------------------------

Tumor staging by the ICRB\[[@ref5]\] staging system should be at diagnosis, and since no clinical data was available regarding tumor features or stage at time of diagnosis, tumors in this series were staged according to tumor features at time of initiating therapy in our referral cancer center. The new evaluation and treatment plan were according to tumor and patient status at the time of referral and not at diagnosis.

Tumors with IRCB Group B features were divided into two groups: (1) tumors \<3 mm (but close to the fovea or the optic disc) and (2) tumors \>3 mm with no seeds. Tumors with IRCB Group C and D features were divided into two groups: (1) tumors with subretinal seeds and (2) tumors with vitreous seeds. In this study, local chemotherapy refers to periocular chemotherapy injection, intra-arterial chemotherapy, and intravitreal chemotherapy.

Tumor control was defined as the absence of tumor activity or recurrence at the last follow-up visit (with no metastasis). All eyes with ICRB Group E features were enucleated within 1 week of diagnosis, and the decision for enucleation was approved by two ocular oncologists and after consultation with an external reviewer.

Treatment methods {#sec2-3}
-----------------

We performed a combination regimen of chemotherapy that consisted of carboplatin, vincristine, and etoposide (CVE). Each CVE cycle was repeated every 4 weeks for a total of 6--8 cycles according to patient\'s condition and tumor status. Ocular oncology follow-up was provided with examination under anesthesia before every cycle of chemotherapy and every 4--8 weeks thereafter. Fundus photos were taken using a RetCam II (Clarity Medical System, Pleasanton, CA, USA), and focal therapy was provided using thermotherapy or cryotherapy until tumor control was achieved.

When external beam radiation therapy (EBRT) was used, the dose prescribed for the retinal target volume was 45 Gy in 25 fractions of 1.8 Gy. Statistical analysis of tumor control was correlated to the tumor\'s features on the first presentation to our center.

Results {#sec1-3}
=======

Between January 2011 and September 2014, 30 eyes from 26 patients with RB who had received systemic chemotherapy as the only treatment modality before referral for the management in our tertiary cancer center (King Hussein Cancer Center, Amman, Jordan).

Demographics {#sec2-4}
------------

The mean age at the time of referral was 25 months (median, 24 months; range, 5--72 months) while the median age at diagnosis was 11 months (median, 6.5 months; range, 2--65 months). The mean delay in referral to the tertiary cancer center was 10 months (median, 9.5 months; range, 5--20 months). The patients were 13 males (50%) and 13 females (50%) and the cases included 4 (15%) unilateral and 22 (85%) bilateral RB. The affected eye was the right in 13 (43%) cases and the left in 17 (57%) cases.

Sixteen patients (62%) were monocular from enucleation of the contralateral eye, 5 (19%) patients harbored RB in both eyes, and 4 (15%) patients had unilateral disease with normal contralateral eye.

All the patients had received systemic chemotherapy only (no laser or cryotherapy) before referral to our center. The mean number of chemotherapy cycles was 6.4 cycles (median, 6 cycles; range, 2--12 cycles). All the patients (100%) received CVE with or without cyclosporine, 21 (81%) patients received VP-16, and 4 (15%) patients received doxorubicin. Not a single patient received focal therapy (cryotherapy or laser therapy), periocular chemotherapy, or radiation therapy before referral.

Tumors\' status at presentation {#sec2-5}
-------------------------------

Since these cases had received previous therapy, no initial staging was available; therefore, we described them clinically according to the clinical features of the ICRB at time of presentation to our tertiary center. Three (10%) eyes in this series had features of ICRB Group A tumors, 7 (23%) eyes had features of ICRB Group B tumors, 2 (7%) eyes had features of ICRB Group C tumors, 16 (53%) eyes had features of ICRB Group D tumors (7 \[23%\] eyes had extensive subretinal seeds and 9 \[30%\] eyes had extensive vitreous seeds), and 2 (7%) eyes had features of ICRB Group E tumors (one had anterior chamber invasion and the other had massive hemorrhage filling all the eye associated with ciliary body invasion).

Treatment modalities {#sec2-6}
--------------------

The three eyes with ICRB Group A features were treated by focal therapy (laser or cryotherapy) with no need for more systemic therapy. Eighteen (69%) patients received systemic CVE with a mean of 4 cycles (median, 4.4 cycles; range, 2--8 cycles), 4 (13%) eyes received 3 subtenon carboplatin injections per eye, 2 (7%) eyes received intravitreal melphalan injections (3 injections per eye), and 2 (7%) eyes received intra-arterial melphalan injections (3 injections per eye). Consolidation therapy was applied as postchemoreduction transpupillary thermotherapy in 26 (87%) eyes (mean, 5 sessions, median, 5 sessions; range, 2--10 sessions) and as cryotherapy in 19 (63%) eyes (mean, 1.6 sessions, median, 2 sessions; range, 1--4 sessions). Radioactive plaque therapy was used in 1 (3%) eye and EBRT in 3 (10%) eyes (standard dose of 45 Gy in 25 fractions of 1.8 GY) \[[Table 1](#T1){ref-type="table"}\].

###### 

Management and outcome of 16 eyes with retinoblastoma presented with international classification of retinoblastoma Group D features after extensive treatment by systemic chemotherapy without focal consolidation therapy
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Management outcome {#sec2-7}
------------------

At a mean follow-up of 13 months (median, 11.5 months; range, 9--27 months), enucleation was avoided in 25 (83%) eyes. Two eyes that harbored features of ICRB Group E tumors were enucleated at presentation. Additional therapy failed in 3 of the treated eyes which ended with enucleation (1 eye in a unilateral RB patient who had massive vitreous seeds after completion of chemotherapy, 1 eye in a monocular patient who had massive recurrence postintra-arterial melphalan and EBRT, and the third eye in a monocular patient who had massive vitreous hemorrhage after EBRT). Twenty-three (77%) eyes did not show any viable tumor after a median of 9 months of follow-up after the last treatment and 2 (7%) still had residual tumor recurrences that needed more consolidation focal therapy. Correlation between tumor features, treatments, and outcome is presented in Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}.

###### 

Tumor features and management outcome(s) in eyes with retinoblastoma previously inadequately treated with systemic chemotherapy alone without focal therapy
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Both of the eyes enucleated at presentation which had ICRB Group E features harbored high-risk pathologic features, and therefore received adjuvant chemotherapy, while the 3 other enucleated eyes did not show high pathologic risk features. None of the patients had a second malignancy at the last follow-up visit. Ocular complications were seen in 3 (10%) eyes; rhegmatogenous retinal detachment postcryotherapy that was repaired by nondrainage scleral buckling, exudative retinal detachment post-EBRT that resolved spontaneously, and finally, ophthalmic artery occlusion postintra-arterial melphalan injection.

Discussion {#sec1-4}
==========

Systemic chemotherapy combined with consolidation focal therapy has become the standard treatment for RB in most of the developed countries. Although systemic chemotherapy alone cannot cure RB, it may be used as a transient treatment to prevent or delay tumor progression to a more advanced stage. This might prevent or delay extraocular tumor extension and then metastasis during the delay until the patient gains access to a health-care center that provides the needed treatment.

Systemic chemotherapy for RB was first introduced in 1953 by Kupfer\[[@ref9]\] who used systemically administered nitrogen mustard, and then, vincristine, cyclophosphamide, and doxorubicin were used during the 1970s. Unfortunately, however, it was soon discovered that even though they had a dramatic response, the tumors regrew after the treatment was stopped. That led ophthalmologists to start using this systemic chemotherapy solely to shrink tumors and to add focal treatment in the form of photocoagulation, cryotherapy, and brachytherapy.\[[@ref10]\] In the 1990s, systemic chemotherapy (chemoreduction) with focal therapy became the standard approach in the management of eyes with intraocular RB by a trained physicians as per protocols in specialized centers.\[[@ref10][@ref11]\]

There is a significant influence of the treatment facility and the use of research protocols on RB mortality rate. In one study, the 4-year disease-free survival was 58% when the treatment takes place in a pediatric cancer center using a treatment protocol while it was as low as 19% when the treatment was provided at a nonpediatric cancer center and without the use of a treatment protocol.\[[@ref12]\] Therefore, in most developed countries, RB is managed only in a specialized tertiary center by a multidisciplinary team. Unfortunately, this facility is not available at all occasions, and sometimes, it takes months for patients to get access to adequate health care. That delay will allow the tumor to grow to a more advanced stage and will probably result in a worse prognosis.\[[@ref5]\] In our series at the King Hussein Cancer Center, we found that even with the delay in referral and getting adequate health care (9.5 months and sometimes as long as 20 months), enucleation was avoided in 83% of cases, and tumor control was achieved in 100% of tumors with Groups A, B, and C features, and 56% of tumors with Group D features. This eye salvage rate is promising and it is very close to eye salvage rate for eyes received adequate therapy from the beginning.\[[@ref5]\]

RB patients in countries and centers where chemotherapy is available but consolidation therapy is not available have used to have two options. They can be referred to another center or abroad; however, in this case, the resulting delay due to logistics, visa, distance of traveling, and financial issues may extend to more than 6 months and will probably result in more tumor growth, more advanced stage, less eye salvage rate, and a higher mortality rate. The second option is enucleation which is not a favorable option, especially when the disease is bilateral. Our results suggest a third alternative, which is initiating chemotherapy for the patient by following one of the worldwide known protocols of chemotherapy for RB for few cycles. This cannot eradicate the active tumor, but it gives more time for the patient to gain access to a center where full therapy can be offered and therefore increases the chance for saving his life and his eye as well as salvaging his vision. This is an option as long as the intraocular tumor does not harbor features of ICRB Group E eyes which are clinical features that suggest risk of extraocular spread since 18.5%--50% of enucleated Group E eyes harbor high-risk histopathologic features predisposing to an increased risk of systemic metastatic.\[[@ref12][@ref13][@ref14][@ref15][@ref16][@ref17][@ref18][@ref19]\] Of interest, for eyes with Groups A, B, C, and D features, in our series (even with the delay of 9.5 months), not a single case had metastasis. This could be logically expected as these eyes did not harbor clinical features of tumor invasion to the vital structures such as the anterior chamber, ciliary body, choroid, or the optic nerve, and this also means that their management was justified mainly when the other eye was enucleated.\[[@ref14]\]

Although the ICRB classification system describes tumors at presentation, and not after treatment, we found that tumor features per se (even if the tumor received previous chemotherapy) play a major role in predicting the outcome of management. All (100%) eyes in our series with features of ICRB Groups A, B, and C were salvaged by combined focal therapy and chemotherapy, which is almost equal to the reported 90%--100% salvage rate for eyes in the same groups that were treated with combined chemotherapy and focal therapy adequately from the beginning.\[[@ref5][@ref15][@ref16]\]

Conclusion {#sec1-5}
==========

Although chemotherapy alone is not a curative treatment for intraocular RB; it is recommended for patients in centers or countries where no adequate consolidation therapy is available. Chemotherapy can keep the tumor at a less invasive stage for a while giving the patient time to gain access to adequate management of RB. This study is retrospective and of limited size; larger and more comprehensive studies are still needed to analyze better the outcome, efficacy, and safety of this approach.
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